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(54) INVERTER SYSTEM FOR HYBRID VEHICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve efficiency of an inverter and to 
abate a noise from a three-phase alternator. 

SOLUTION: An inverter system for a hybrid vehicle is equipped with the 
three-phase alternator 2 connected to an internal combustion engine 1, 
a rechargeable secondary battery 5, a step-up and step-down chopper 
circuit 49 which step up an output voltage of the secondary battery 5 to 
a desired DC voltage through a reactor 7 or step down the DC voltage 
to the voltage of the secondary battery 5, an inverter circuit 40 which 
converts an output voltage of the step-up and step-down chopper circuit 
49 to AC and supplies the AC to the three-phase alternator for driving, 
and a control circuit 48 which controls the step-up and step-down 
chopper circuit 49 and the inverter circuit 40. The inverter system also 
control the three-phase alternator 2 with the inverter circuit 40 so that 
the stored energy of the secondary battery 5 assists the toque of the 
internal combustion engine 1 when the vehicle starts and accelerators. 
In this system, a control circuit 48 is equipped with a control means 
which stops step-up action of the step-up and step-down chopper 
circuit 49 when the three-phase alternator is at a predetermined speed 
or less and makes the inverter circuit 40 perform PWM controlling 
action by almost equalizing the DC voltage to the voltage of the secondary battery 5. 
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* NOTICES * 

JPO and HCZPZ axe not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The three-phase-altemating-current machine combined with internal combustion engines, such as a gasoline engine and a 
diesel power plant, Rechargeable batteries, such as a battery in which charge and discharge are possible, and the step-down and step- 
up chopper circuit which lowers the pressure of a pressure up and direct current voltage for the output voltage from said rechargeable 
battery to desired direct current voltage through the reactor for energy-absorbing to said rechargeable battery electrical potential 
difference, The inverter circuit which comes to carry out bridge connection of the semiconductor device, changes the output voltage 
from said step-down and step-up chopper circuit into an alternating current, supplies the alternating voltage concerned to said three- 
phase-alternating-current machine, and drives it, Have the control circuit which controls said step-down and step-up chopper circuit 
and said inverter circuit, and it is constituted. In the inverter system for hybrid cars which controlled said three-phase-alternating- 
current machine by said inverter circuit to carry out the torque assistance of said internal combustion engine with the accumulate on-of- 
electricity energy of said rechargeable battery at the time of start acceleration When said three-phase-alternating-current machine is 
below a predetermined rate, pressure-up actuation of said step-down and step-up chopper circuit is suspended. The inverter system for 
hybrid cars characterized by equipping said control circuit with a means to control to make direct current voltage almost equal to said 
rechargeable battery electrical potential difference, and to carry out PWM control action of said inverter circuit. 
[Claim 2] The three-phase-alternating-current machine combined with internal combustion engines, such as a gasoline engine and a 
diesel power plant, Rechargeable batteries, such as a battery in which charge and discharge are possible, and the step-down and step- 
up chopper circuit which lowers the pressure of a pressure up and direct current voltage for the output voltage from said rechargeable 
battery to desired direct current voltage through the reactor for energy-absorbing to said rechargeable battery electrical potential 
difference, The inverter circuit which comes to carry out bridge connection of the semiconductor device, changes the output voltage 
from said step-down and step-up chopper circuit into an alternating current, supplies the alternating voltage concerned to said three- 
phase-alternating-current machine, and drives it, Have the control circuit which controls said step-down and step-up chopper circuit 
and said inverter circuit, and it is constituted. In the inverter system for hybrid cars which controlled said three-phase-altemating- 
current machine by said inverter circuit to carry out the torque assistance of said internal combustion engine with the accumulation-of- 
electricity energy of said rechargeable battery at the time of start acceleration When said three-phase-altemating-current machine is 
operated by the idling operational status of the minimum rate, said internal combustion engine The inverter system for hybrid cars 
characterized by equipping said control circuit with a means to control to suspend pressure-up actuation of said step-down and step-up 
chopper circuit, to make direct current voltage almost equal to said rechargeable battery electrical potential difference, and to carry out 
PWM control action of said inverter circuit. 

[Claim 3] The three-phase-altemating-current machine combined with internal combustion engines, such as a gasoline engine and a 
diesel power plant, Rechargeable batteries, such as a battery in which charge and discharge are possible, and the step-down and step- 
up chopper circuit which lowers the pressure of a pressure up and direct current voltage for the output voltage from said rechargeable 
battery to desired direct current voltage through the reactor for energy-absorbing to said rechargeable battery electrical potential 
difference, The inverter circuit which comes to carry out bridge connection of the semiconductor device, changes the output voltage 
from said step-down and step-up chopper circuit into an alternating current, supplies the alternating voltage concerned to said three- 
phase-alternating-current machine, and drives it, Have the control circuit which controls said step-down and step-up chopper circuit 
and said inverter circuit, and it is constituted. In the inverter system for hybrid cars which controlled said three-phase-altemating- 
current machine by said inverter circuit to carry out the torque assistance of said internal combustion engine with the accumulation-of- 
electricity energy of said rechargeable battery at the time of start acceleration When said internal combustion engine is the idling 
operational status of the minimum rate, pressure-up actuation of said step-down and step-up chopper is suspended. The inverter system 
for hybrid cars characterized by equipping said control circuit with a means to lower the PWM control frequency of said inverter 
circuit to the frequency corresponding to said idling operating speed, and to control to carry out PWM actuation. 
[Claim 4] The inverter system for hybrid cars characterized by making it modulate the PWM control frequency of said inverter circuit 
in the shape of a sine wave with a predetermined period in a predetermined frequency range in said inverter system for hybrid cars 
according to claim 1 or 2. 

[Claim 5] The inverter system for hybrid cars characterized by making it modulate the PWM control frequency of said inverter circuit 
in random number in a predetermined frequency range in said inverter system for hybrid cars according to claim 1 or 2. 
[Claim 6] In the inverter system for hybrid cars given in any 1 term of said claim 1 thru/or claim 5 Add a rotational frequency 
detection means to detect said internal combustion engine's rotational frequency, and it is based on an output signal from said 
rotational frequency detection means. The inverter system for hybrid cars characterized by equipping said control circuit with a means 
to control to stop pressure-up actuation of said step-down and step-up chopper circuit when said three-phase-altemating-current 
machine distinguishes that they are below a predetermined rate or idling operational status. 

[Claim 7] The inverter system for hybrid cars characterized by becoming irregular so that the amplitude may be narrowed with the 
increment in a rate of said three-phase-altemating-current machine in said inverter system for hybrid cars according to claim 4 or 5 
when modulating the PWM control frequency of said inverter circuit in a predetermined frequency range. 

[Claim 8] As a three-phase-altemating-current machine combined with said internal combustion engine in the inverter system for 
hybrid cars given in any 1 term of said claim 1 thru/or claim 7, it is the inverter system for hybrid cars characterized by using an 
induction motor or a synchronous motor. 

[Claim 9] The inverter system for hybrid cars characterized by equipping said control circuit with the means which it controls as said 
inverter circuit controls either power running, regeneration operation or excitation operation when PWM control action of said inverter 
circuit is carried out and electric power is supplied to said three-phase-altemating-current machine in the inverter system for hybrid 
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cars given in any 1 term of said claim 1 thru/or claim 7. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the inverter system for hybrid cars which is applied to the inverter system used for the 
hybrid car which used together internal combustion engines, such as a gasoline engine and a diesel power plant, and the electric drive 
which made rechargeable batteries, such as a battery, the energy source, especially was made to realize the improvement in 
effectiveness of an inverter, and the noise reduction of a three-phase-altemating-current machine. 
[0002] 

[Description of the Prior Art] Recently, it has appealed for the spread of the so-called electric vehicles which drives an automobile 
with a three-phase-alternating-current machine by making rechargeable batteries, such as a battery, into an energy source instead of an 
internal combustion engine as a cure which improves the air pollution by the exhaust gas of the automobile using internal combustion 
engines, such as a gasoline engine and a diesel power plant, globally. 

[0003] however, this electric vehicle has the short mileage in one fuel restoration, and the spread of fuel supply equipment is required 
for it — etc. — it has the problem. 

[0004] So, recently, in order to solve such a problem, the hybrid car which used the electric drive together has attracted attention. 
[0005] A mechanical component links a three-phase-alternating-current machine with an internal combustion engine directly, and is 
constituted, and he is trying to drive a wheel through transmission in the hybrid car which used together this kind of electric drive. 
[0006] Moreover, a three-phase-alternanng-current machine is controlled by the inverter, and he performs torque assistance, energy 
regeneration, an internal combustion engine's starting, and electric braking, and is trying to use a rechargeable battery as a power 
source and an energy source. 

[0007] That is, at the time of start acceleration, a three-phase-altemating-current machine is controlled by the inverter, and exhaust gas 
reduction of an internal combustion engine is performed so that the torque assistance of the internal combustion engine may be carried 
out with the accumulation-of-electricity energy of a rechargeable battery. 

[0008] Moreover, at the time of halt braking, regeneration operation of the three-phase-alternating-current machine is carried out by 
control of an inverter, and the inertia energy of a car is stored electricity at a rechargeable battery. 

[0009] Thereby, energy balance is maintained with energy saving and it is made to realize low-pollution-izing and a fuel consumption 
improvement of exhaust gas. 

[0010] Drawing 8 is the schematic diagram showing the fundamental example of a configuration of the mechanical component of this 
kind of hybrid car. 

[001 1] The mechanical component of a hybrid car is constituted by the internal combustion engines 1, such as a gasoline engine and a 
diesel power plant, and the three-phase-altemating-current machine 2 linking directly to this internal combustion engine 1, and he is 
trying to drive a wheel through transmission 3 in drawing 8 . 

[0012] Moreover, the three-phase-altemating-current machine 2 is controlled by the inverter 4, performs torque assistance, energy 
regeneration, an internal combustion engine's 1 starting, and electric braking, and is using the rechargeable batteries 5, such as a 
battery, as a power source and an energy source. 

[0013] Drawing 9 is the circuit diagram showing the conventional example of the inverter structure of a system used for this kind of 
hybrid car, and attaches and shows the same sign to the same element as drawing 8 . 

[0014] In drawing 9 , the inverter system for hybrid cars changes into an alternating current the output voltage of the three-phase- 
altemating-current machine 2 combined with the above-mentioned internal combustion engine 1, the rechargeable batteries 5, such as 
a battery in which charge and discharge are possible, and this rechargeable battery 5 through a switch 6, and consists of inverters 4 
which supply this alternating voltage to the three-phase-altemating-current machine 2, and drive it. 

[0015] Moreover, the inverter 4 consists of the inverter circuit 40 which carried out bridge connection of two or more semiconductor 
devices 41-46, a direct-current capacitor 47 for smooth, and a control circuit 48 which controls an inverter circuit 40. 
[0016] And the three-phase-altemating-current machine 2 is controlled by the inverter circuit 40 to carry out the torque assistance of 
the internal combustion engine 1 with the accumulation-of-electricity energy of a rechargeable battery 5 at the time of start 
acceleration of a hybrid car. 

[0017] By the way, in such an inverter system for hybrid cars, there are needs of a capacity rise of a system and improvement in the 
drive power of the three-phase-altemating-current machine 2 and improvement in regeneration power are needed in recent years. 
[001 8] In order that the conventional three-phase-altemating-current machine 2 may not increase a current since a current increases 
with capacity increase and the appearance of the three-phase-altemating-current machine 2 becomes large, although rated voltage is 
the three-phase-altemating-current machine of AC200V system, but it may raise capacity, the approach of making an electrical 
potential difference AC400V system is adopted. 

[0019] Although carrying out PWM control action of the inverter, and performing current control of the three-phase-altemating- 
current machine 2 generally is performed, in order to output AC400V, it is necessary to make direct current voltage into about 600V. 
[0020] However, in order to obtain the direct current voltage of 600V with a rechargeable battery 5, it is necessary to connect 12V dc- 
battery to an about 50-piece serial, and the tooth space and weight in the case of carrying in a car pose a problem. 
[0021] Then, the approach proposed recently is an approach of preparing a pressure-up chopper circuit which is indicated by "JP,6- 
245332,A." 

[0022] The direct current voltage of hope can be obtained by this approach, without increasing the number of rechargeable battery 5 
electrical potential difference, i.e., a dc-battery. 

[0023] And in order to take the drive power of the three-phase-altemating-current machine 2, and large regeneration power, the 
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method of preparing the step-down and step-up chopper circuit which specifically has the function which carries out the pressure up of 
the rechargeable battery 5 electrical potential difference, and the function which lowers the pressure of direct current voltage on 
rechargeable battery 5 electrical potential difference is effective. 
[0024] 

[Problem(s) to be Solved by the Invention] However, although the purpose of improvement in the drive power of the three-phase- 
alternating-current machine 2 and improvement in regeneration power can be attained by preparing a step-down and step-up chopper 
circuit Also in the time of the internal combustion engine's 1 minimum standby operational status, i.e., an idling condition Since the 
pressure-up chopper of a step-down and step-up chopper circuit is operated, loss of the semiconductor device of a step-down and step- 
up chopper circuit is large, and when direct current voltage is high, the switching loss of an inverter circuit 40 will also be large, and 
decline in the effectiveness of the whole inverter will be caused. 

[0025] moreover, the case where PWM control action is carried out on a low electrical potential difference when PWM control action 
of the inverter circuit 40 was carried out on the high electrical potential difference - a ratio — BE ** and three-phase-alternating- 
current machine 2 loss also become large. 

[0026] Furthermore, the problem that the magnetic noise of the three-phase-alternating-cun-ent machine 2 equivalent to the PWM 
control frequency of an inverter circuit 40 becomes large, and the engine sound of a car and a heterogeneous magnetic sound become 
jarring occurs. 

[0027] The purpose of this invention is to offer the inverter system for hybrid cars of the high-reliability which can plan the 
improvement in effectiveness of an inverter, and the noise reduction of a three-phase-altemating-current machine. 
[0028] 

[Means for Solving the Problem] The three-phase-alternating-current machine combined with internal combustion engines, such as a 
gasoline engine and a diesel power plant, in order to attain the above-mentioned purpose, Rechargeable batteries, such as a battery in 
which charge and discharge are possible, and the step-down and step-up chopper circuit which lowers the pressure of a pressure up 
and direct current voltage for the output voltage from the rechargeable battery concerned to desired direct current voltage through the 
reactor for energy-absorbing to a rechargeable battery electrical potential difference, The inverter circuit which comes to carry out 
bridge connection of the semiconductor device, changes the output voltage from a step-down and step-up chopper circuit into an 
alternating current, supplies the alternating voltage concerned to a three-phase-altemating-current machine, and drives it, Have the 
control circuit which controls a step-down and step-up chopper circuit and a circuit, and it is constituted. In the inverter system for 
hybrid cars which controlled the 3 inverter phase AC machine by the inverter circuit to carry out the torque assistance of the internal 
combustion engine with the accumulation-of-electricity energy of a rechargeable battery at the time of start acceleration In invention 
corresponding to claim 1 , when a three-phase-alternating-current machine is below a predetermined rate, the control circuit is 
equipped with a means to control to suspend pressure-up actuation of a step-down and step-up chopper circuit, to make direct current 
voltage almost equal to a rechargeable battery electrical potential difference, and to carry out PWM control action of the inverter 
circuit. 

[0029] Therefore, it sets to the inverter system for hybrid cars of invention corresponding to claim 1 . By suspending pressure-up 
actuation of a step-down and step-up chopper circuit, namely, stopping chopping actuation, and making it flow only through the 
semiconductor device of an upper arm continuously, when a three-phase-alternating-current machine is below a predetermined rate 
While loss of an inverter can be reduced and effectiveness can be improved by making direct current voltage almost equal to a 
rechargeable battery electrical potential difference, carrying out PWMM control action of the inverter circuit, and supplying electric 
power to a three-phase-altemating-current machine, the noise (magnetic sound) of a three-phase-altemating-current machine can also 
be reduced. 

[0030] Moreover, the control circuit is equipped with a means to control by invention corresponding to claim 2 so that an internal 
combustion engine suspends pressure-up actuation of a step-down and step-up chopper circuit, makes direct current voltage almost 
equal to a rechargeable battery electrical potential difference and does PWM control action of the inverter circuit, when the three- 
phase-altemating-current machine is operated by the idling operational status of the minimum rate. 

[003 1 ] Therefore, it sets to the inverter system for hybrid cars of invention corresponding to claim 2. When the three-phase- 
altemating-current machine is operated by the idling operational status of the minimum rate, an internal combustion engine By 
suspending pressure-up actuation of a step-down and step-up chopper circuit, making direct current voltage almost equal to a 
rechargeable battery electrical potential difference, carrying out PWM control action of the inverter circuit, and supplying electric 
power to a three-phase-altemating-current machine While loss of the inverter at the time of the idling condition which a car is stopping 
can be reduced and effectiveness can be improved, the RF MAG sound of an inverter proper can also be reduced. 
[0032] Furthermore, in invention corresponding to claim 3, when an internal combustion engine is the idling operational status of the 
minimum rate, pressure-up actuation of a step-down and step-up chopper was suspended, and the control circuit is equipped with a 
means to lower the PWM control frequency of an inverter circuit to the frequency corresponding to an idling operating speed, and to 
control to carry out PWM actuation. 

[0033] Therefore, in the inverter system for hybrid cars of invention corresponding to claim 3, when an internal combustion engine is 
the idling operational status of the minimum rate, pressure-up actuation of a step-down and step-up chopper can be suspended, the 
PWM control frequency of an inverter circuit is lowered to the frequency corresponding to an idling operating speed, by carrying out 
PWM actuation and supplying electric power to a three-phase-altemating-current machine, loss of the inverter in the rate below idling 
operational status can be reduced, and effectiveness can be improved. 

[0034] He is trying to, modulate the PWM control frequency of an inverter circuit in the shape of a sine wave with a predetermined 
period by invention corresponding to claim 4 on the other hand in a predetermined frequency range in the inverter system for hybrid 
cars of invention corresponding to above-mentioned claim 1 or claim 2. 

[0035] therefore, in the inverter system for hybrid cars of invention corresponding to claim 4, a switching frequency is changed by 
modulating the PWM control frequency of an inverter circuit in the shape of a sine wave with a period predetermined in a 
predetermined frequency range, and supplying electric power to a three-phase-altemating-current machine - making - the 
electromagnetism of a three-phase-altemating-current machine — the noise can be reduced. 

[0036] Moreover, he is trying to modulate the PWM control frequency of an inverter circuit in random number in invention 
corresponding to claim 5 in a predetermined frequency range in the inverter system for hybrid cars of invention corresponding to 
above-mentioned claim 1 or claim 2. 

[0037] therefore, the thing for which the PWM control frequency of an inverter circuit is modulated in random number in a 
predetermined frequency range, and electric power is supplied to a three-phase-altemating-current machine in the inverter system for 
hybrid cars of invention corresponding to claim 5 — the electromagnetism of a three-phase-altemating-current machine — the noise can 
be reduced, in this case, the rate of change [ case / where it changes a fixed period like invention corresponding to above-mentioned 
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claim 4 by considering especially as a random number ] of switching — large — becoming — more — much more — the 
electromagnet! sm of a three-phase-altemating-current machine — the noise can be reduced. 

[0038] Furthermore, in invention corresponding to claim 6, it sets to the inverter system for hybrid cars of invention corresponding to 
any 1 term of above-mentioned claim 1 thru/or claim 5. Add a rotational frequency detection means to detect an internal combustion 
engine's rotational frequency, and it is based on an output signal from a rotational frequency detection means. The control circuit is 
equipped with a means to control to stop pressure-up actuation of a step-down and step-up chopper circuit when a three-phase- 
altemating-current machine distinguishes that they are below a predetermined rate or idling operational status. 
[0039] Therefore, in the inverter system for hybrid cars of invention corresponding to claim 6, when an internal combustion engine's 
rotational frequency is detected and it is distinguished based on the rotational frequency concerned that a three-phase-altemating- 
current machine is below a predetermined rate or idling operational status, high matching of precision with an internal combustion 
engine can be performed by stopping pressure-up actuation of a step-down and step-up chopper circuit. 

[0040] On the other hand, in invention corresponding to claim 7, in the inverter system for hybrid cars of invention corresponding to 
above-mentioned claim 4 or claim 5, when modulating the PWM control frequency of an inverter circuit in a predetermined frequency 
range, it becomes irregular so that the amplitude may be narrowed with the increment in a rate of a three-phase-altemating-current 
machine. 

[0041] Therefore, in the inverter system for hybrid cars of invention corresponding to claim 7, when modulating the PWM control 
frequency of an inverter circuit with a predetermined period in a predetermined frequency range, by becoming irregular so that the 
amplitude may be narrowed with the increment in a rate of a three-phase-alternating-current machine, the switching frequency in a 
high-speed rotation region can be made high, and the stability of control can be raised. In this case, in a high-speed rotation region, 
since an internal combustion engine sound is also loud and the noise of a three-phase-altemating-current machine becomes small, even 
if it makes the range of fluctuation of a switching frequency small, there is especially no problem. 

[0042] Moreover, in invention corresponding to claim 8, the induction motor or the synchronous motor is used in the inverter system 
for hybrid cars of invention corresponding to any 1 term of above-mentioned claim 1 thru/or claim 7 as a three-phase-altemating- 
current machine combined with an internal combustion engine. 

[0043] Therefore, as a three-phase-altemating-current machine combined with an internal combustion engine, by using an induction 
motor or a synchronous motor, it can respond to both at the time of using an induction motor or a synchronous motor for a three- 
phase-altemating-current machine smoothly, and the same operation as the above-mentioned case can be done so in the inverter 
system for hybrid cars of invention corresponding to claim 8. 

[0044] Furthermore, in invention corresponding to claim 9, in the inverter system for hybrid cars of invention corresponding to any 1 
term of above-mentioned claim 1 thru/or claim 7, when carrying out PWM control action of the inverter circuit and supplying electric 
power to a three-phase-altemating-current machine, the inverter circuit equips said control circuit with a means to control to control 
either power running, regeneration operation or excitation operation. 

[0045] Therefore, it sets to the inverter system for hybrid cars of invention corresponding to claim 9. When carrying out PWM control 
action of the inverter circuit and supplying electric power to a three-phase-altemating-current machine, an inverter circuit by being 
made to control either power running, regeneration operation or excitation operation Since an inverter circuit serves as operation mode 
of power running, regeneration operation or excitation operation either and can improve system-wide performance, it can raise system- 
wide effectiveness further as a result. 

[0046] By the above, it becomes possible to plan the improvement in effectiveness of an inverter, and the noise reduction of a three- 
phase-altemating-current machine, and the highly reliable inverter system for hybrid cars can be obtained. 
[0047] 

[Embodiment of the Invention] This invention suspends pressure-up actuation of a step-down and step-up chopper circuit, when a 
mree-phase-altemating-current machine is below a predetermined rate. [ whether it controls to make direct current voltage almost 
equal to a rechargeable battery electrical potential difference, and to carry out PWM control action of the inverter circuit, and ] Or 
when the three-phase-altemating-current machine is operated by the idling operational status of the minimum rate, an internal 
combustion engine or [ controlling to suspend pressure-up actuation of a step-down and step-up chopper circuit, to make direct current 
voltage almost equal to a rechargeable battery electrical potential difference, and to carry out PWM control action of the inverter 
circuit ] — or When an internal combustion engine is the idling operational status of the minimum rate, pressure-up actuation of a step- 
down and step-up chopper is suspended. By lowering the PWM control frequency of an inverter circuit to the frequency corresponding 
to an idling operating speed, and controlling to carry out PWM actuation, it is going to plan the improvement in effectiveness of an 
inverter, and the noise reduction of a three-phase-altemating-current machine. 

[0048] Hereafter, the gestalt of operation of this invention based on the above views is explained to a detail with reference to a 
drawing. 

[0049] (Gestalt of the 1 st operation) Drawing 1 is the circuit diagram showing the example for hybrid cars of the inverter structure of a 
system by the gestalt of this operation, and attaches and shows the same sign to the same element as drawing 9 . 
[0050] In drawing 1 the inverter system for hybrid cars of the gestalt of this operation The three-phase-altemating-current machine 2 
combined with the internal combustion engines 1 , such as a gasoline engine and a diesel power plant, A switch 6 and the step-down- 
and-step-up reactor 7 for energy-absorbing are minded for the output voltage from the rechargeable batteries 5, such as a battery in 
which charge and discharge are possible, and this rechargeable battery 5. To desired direct current voltage A pressure up, Moreover, 
the step-down and step-up chopper circuit 49 which lowers the pressure of direct current voltage to rechargeable battery 5 electrical 
potential difference, The direct-current capacitor 47 which carries out smooth [ of the output voltage from the step-down and step-up 
chopper circuit 49 ], The electrical potential difference by which smooth was carried out with the direct-current capacitor 47 is 
changed into an alternating current, and it constitutes from an inverter circuit 40 which supplies this alternating voltage to the three- 
phase-altemating-current machine 2, and drives it, and a control circuit 48 which controls the step-down and step-up chopper circuit 
49 and an inverter circuit 40. 

[0051] In addition, the inverter 4 consists of the inverter circuit 40, a direct-current capacitor 47, a control circuit 48, and a step-down 
and step-up chopper circuit 49. 

[0052] Here, the step-down and step-up chopper circuit 49 has come to carry out series connection of two or more semiconductor 
devices 49a and 49b of a top and the bottom. 

[0053] Moreover, the inverter circuit 40 has come to carry out bridge connection of two or more semiconductor devices 4 1 -46. 
[0054] Furthermore, a control circuit 48 so that the torque assistance of the internal combustion engine 1 may be carried out with the 
accumulation-of-electricity energy of a rechargeable battery 5 at the time of start acceleration of a hybrid car The function controlled 
to control the three-phase-altemating-current machine 2 by the inverter circuit 40, By suspending pressure-up actuation of the step- 
down and step-up chopper circuit 49, namely, stopping chopping actuation, and making it flow only through the semiconductor device 
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of an upper arm continuously, when the three-phase-alternating-current machine 2 is below a predetermined rate It has the function 
controlled to make direct current voltage almost equal to rechargeable battery 5 electrical potential difference, and to carry out PWM 
control action of the inverter circuit 40. 

[0055] Next, an operation of the inverter system for hybrid cars by the gestalt of this operation constituted as mentioned above is 
explained using the timing diagram Fig. shown in drawing 2 . 

[0056] Now, if a starting command is inputted in the time of day to of drawing 2 , a switch 6 is turned on, each semiconductor device 
41 of an inverter circuit 40 - 46 HEGETO signals are outputted from a control circuit 48 according to a rate reference signal, an 
inverter 4 will be a predetermined output frequency (f-INV), and the three-phase-alternating-current machine 2 which is a load will be 
driven. 

[0057] In this phase, the step-down and step-up chopper circuit 49 turns on only upper semiconductor device 49a, and supplies power 
to the three-phase-altemating-current machine 2 which is a load from a rechargeable battery 5. 

[0058] Therefore, as direct current voltage, an electrical potential difference almost equal to rechargeable battery 5 electrical potential 
difference is supplied to an inverter circuit 40. 

[0059] Next, in the time of day tl of drawing 2 , when the magnitude of a rate reference signal becomes more than predetermined level 
(LI of drawing 2 ), an inverter circuit 40 is controlled to carry out switching operation of the semiconductor devices 49a and 49b of 
the step-down and step-up chopper circuit 49 top and the bottom, and to carry out the pressure up of the direct current voltage. 
[0060] For example, if rated voltage of the three-phase-altemating-current machine 2 is set to AC400V, it is necessary to carry out 
PWM control about direct-current- voltage 600V but, and even when rechargeable battery 5 electrical potential difference is 300V, it 
can output to about 50% of AC200V, without carrying out a pressure up. 

[0061] Therefore, since it is not necessary to operate the step-down and step-up chopper circuit 49 to about 50% of rate, loss of an 
inverter 4 can be reduced. 

[0062] Furthermore, since the peak value of an PWM voltage waveform becomes 50%, the magnetic sound of the three-phase- 
altemating-current machine 2 can also be reduced. 

[0063] As mentioned above, while loss of an inverter 4 can be reduced and effectiveness can be improved since pressure-up chopper 
actuation of the step-down and step-up chopper circuit 49 is suspended when the three-phase-altemating-current machine 2 is below a 
predetermined rate, in the inverter system for hybrid cars by the gestalt of this operation, it becomes possible to also reduce the noise 
(magnetic sound) of the three-phase-altemating-current machine 2. 

[0064] (Gestalt of the 2nd operation) The circuitry of the inverter system for hybrid cars of the gestalt of this operation is the same as 
that of said drawing 1 R> 1 , and a part of functions which a control circuit 48 has differ. 

[0065] Namely, when the three-phase-altemating-current machine 2 mentioned above is below a predetermined rate, a control circuit 
48 Instead of the function controlled to suspend pressure-up actuation of the step-down and step-up chopper circuit 49, to make direct 
current voltage almost equal to rechargeable battery 5 electrical potential difference, and to carry out PWM control action of the 
inverter circuit 40 When the three-phase-altemating-current machine 2 is operated by the idling operational status of the minimum 
rate, an internal combustion engine 1 By suspending pressure-up actuation of the step-down and step-up chopper circuit 49, namely, 
stopping chopping actuation, and making it flow only through the semiconductor device of an upper arm continuously It shall have the 
function controlled to make direct current voltage almost equal to rechargeable battery 5 electrical potential difference, and to carry 
out PWM control action of the inverter circuit 40. 

[0066] Next, an operation of the inverter system for hybrid cars by the gestalt of this operation constituted as mentioned above is 
explained using the timing diagram Fig. shown in drawing 3 . 

[0067] In addition, the explanation is omitted about an operation of the gestalt of said 1st operation, and an operation of the same part, 
and only an operation of a part different here is described. 

[0068] That is, as shown in drawing 3 , loss of the inverter 4 at the time of the idling condition which a car is stopping can be reduced 
by controlling so that the internal combustion engine 1 suspends pressure-up chopper actuation in between only at the time of the 
condition of the minimum rate, and an internal combustion engine's 1 idling operational status. 

[0069] Furthermore, the RF MAG sound of inverter 4 proper which carries out PWM control action can also be reduced. 
[0070] As mentioned above, while the internal combustion engine 1 can reduce loss of the inverter 4 at the time of the idling condition 
which a car is stopping and can improve effectiveness since he is suspending pressure up chopper actuation of the step-down and step- 
up chopper circuit 49 when the three-phase alternating current machine 2 is operated by the idling operational status of the minimum 
rate, in the inverter system for hybrid cars by the gestalt of this operation, it becomes possible to also reduce the RF MAG sound of 
inverter 4 proper. 

[0071] (Gestalt of the 3rd operation) The circuitry of the inverter system for hybrid cars of the gestalt of this operation is the same as 
that of said drawing 1 R> 1 , and a part of functions which a control circuit 48 has differ. 

[0072] Namely, when the three-phase-altemating-current machine 2 mentioned above is below a predetermined rate, a control circuit 
48 Instead of the function controlled to suspend pressure-up actuation of the step-down and step-up chopper circuit 49, to make direct 
current voltage almost equal to rechargeable battery 5 electrical potential difference, and to carry out PWM control action of the 
inverter circuit 40 When an internal combustion engine is the idling operational status of the minimum rate, pressure-up actuation of a 
step-down and step-up chopper shall be suspended, and it shall have the function which lowers the PWM control frequency of an 
inverter circuit to the frequency corresponding to an idling operating speed, and is controlled to carry out PWM actuation. 
[0073] Next, an operation of the inverter system for hybrid cars by the gestalt of this operation constituted as mentioned above is 
explained using the timing diagram Fig. shown in drawing 4 . 

[0074] In addition, the explanation is omitted about an operation of the gestalt of said 1st operation, and an operation of the same part, 
and only an operation of a part different here is described. 

[0075] That is, as shown in drawing 4 , when the switching frequency (p-INV) of an inverter 4 is lowered to constant frequency at the 
rate of below idle operational status and it becomes a rate beyond idle operational status, by controlling to make a switching frequency 
increase, loss of the inverter 4 in the rate below idling operational status can be reduced, and effectiveness can be improved. 
[0076] Since pressure-up actuation of the step-down and step-up chopper of the step-down and step-up chopper circuit 49 is 
suspended, the PWM control frequency of an inverter circuit 40 is lowered to the frequency corresponding to an idling operating speed 
and it is made to carry out PWM actuation in the inverter system for hybrid cars by the gestalt of this operation when an internal 
combustion engine 1 is the idling operational status of the minimum rate as mentioned above, it becomes possible to reduce loss of the 
inverter 4 in the rate below idling operational status, and to improve effectiveness. 

[0077] (Gestalt of the 4th operation) The circuitry of the inverter system for hybrid cars of the gestalt of this operation is the same as 
that of said drawing 1 R> 1 , and a part of functions which a control circuit 48 has differ. 

[0078] That is, in addition to the function of the gestalt of said 1st operation, the control circuit 48 shall have the function to modulate 
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the PWM control frequency of an inverter circuit 40 in the shape of a sine wave with a predetermined period in a predetermined 
frequency range. 

[0079] Next, an operation of the inverter system for hybrid cars by the gestalt of this operation constituted as mentioned above is 
explained using the timing diagram Fig. shown in drawing 5 . 

[0080] In addition, the explanation is omitted about an operation of the gestalt of said 1st operation, and an operation of the same part, 
and only an operation of a part different here is described. 

[0081] that is, as shown in drawing 5 , a switching frequency is changed by carrying out adjustable [ of the switching frequency (p- 
INV) of an inverter 4 ] by the sine wave of a certain fixed period - making - the electromagnetism of the three-phase-alternating- 
current machine 2 — the noise can be reduced. 

[0082] as mentioned above, since he is trying to modulate the PWM control frequency of an inverter circuit 40 in the shape of a sine 
wave with a period predetermined in a predetermined frequency range, a switching frequency is changed in the inverter system for 
hybrid cars by the gestalt of this operation — making — the electromagnetism of the three-phase-alternating-current machine 2 — it 
becomes possible to reduce the noise. 

[0083] (Gestalt of the 5th operation) The circuitry of the inverter system for hybrid cars of the gestalt of this operation is the same as 
that of said drawing 1 R> 1 , and a part of functions which a control circuit 48 has differ. 

[0084] That is, in addition to the function of the gestalt of said 1st operation, the control circuit 48 shall have the function to modulate 
the PWM control frequency of an inverter circuit 40 in random number in a predetermined frequency range. 
[0085] Next, an operation of the inverter system for hybrid cars by the gestalt of this operation constituted as mentioned above is 
explained using the timing diagram Fig. shown in drawing 6 . 

[0086] In addition, the explanation is omitted about an operation of the gestalt of said 1st operation, and an operation of the same part, 
and only an operation of a part different here is described. 

[0087] namely, the thing done for adjustable [ of the switching frequency (p-INV) of an inverter 4 ] with a random number as shown 
in drawing 6 (without it gives regularity) — the electromagnetism of the three-phase-altemating-current machine 2 — the noise can be 
reduced. 

[0088] in this case, the rate of change [ case / where it changes a fixed period like the gestalt of said 4th operation by considering 
especially as a random number ] of switching — large — becoming - more — much more — the electromagnetism of the three-phase- 
altemating-current machine 2 — the noise can be reduced. 

[0089] as mentioned above, since he is trying to modulate the PWM control frequency of an inverter circuit 40 in random number in a 
predetermined frequency range, a switching frequency is changed in the inverter system for hybrid cars by the gestalt of this operation 
— making - the electromagnetism of the three-phase-altemating-current machine 2 — it becomes possible to reduce the noise Anther. 
[0090] (Gestalt of the 6th operation) The circuitry of the inverter system for hybrid cars of the gestalt of this operation In said the 1st 
thru/or inverter system for hybrid cars of the gestalt of the 5th one of operations, the rotational frequency detector which detects an 
internal combustion engine's 1 rotational frequency is added. Further a control circuit 48 In addition to said function of the gestalt of 
operation of either [ the 1 st thru/or / 5th / either ] it is based on an output signal from a rotational frequency detector. When the three- 
phase-altemating-current machine 2 distinguishes that they are below a predetermined rate or idling operational status, it shall have the 
function controlled to stop pressure-up actuation of the step-down and step-up chopper circuit 49. 

[0091] Next, an operation of the inverter system for hybrid cars by the gestalt of this operation constituted as mentioned above is 
explained. 

[0092] In addition, the explanation is omitted about an operation of the gestalt of said 1st operation, and an operation of the same part, 
and only an operation of a part different here is described. 

[0093] That is, high matching of precision with an internal combustion engine 1 can be performed by incorporating the output signal 
from the detector which detects an internal combustion engine's 1 rotational frequency to a control circuit 48, distinguishing that the 
three-phase-altemating-current machine 2 is in below a predetermined rate or idling operational status, and controlling to suspend 
pressure-up actuation of the step-down and step-up chopper circuit 49. 

[0094] As mentioned above, since he is trying to stop pressure-up actuation of the step-down and step-up chopper circuit 49 when an 
internal combustion engine's 1 rotational frequency is detected and it is distinguished based on this rotational frequency that the three- 
phase-altemating-current machine 2 is below a predetermined rate or idling operational status, in the inverter system for hybrid cars by 
the gestalt of this operation, it becomes possible to perform high matching of precision with an internal combustion engine 1 . 
[0095] (Gestalt of the 7th operation) The circuitry of the inverter system for hybrid cars of the gestalt of this operation is the same as 
that of said drawing 1 R> 1 , and a part of functions which a control circuit 48 has differ. 

[0096] That is, the control circuit 48 shall have the function modulated so that the amplitude may be narrowed with the increment in a 
rate of the three-phase-altemating-current machine 2, when modulating the PWM control frequency of an inverter circuit 40 with a 
predetermined period in a predetermined frequency range in addition to the function of the gestalt of said 4th operation. 
[0097] Next, an operation of the inverter system for hybrid cars by the gestalt of this operation constituted as mentioned above is 
explained using the timing diagram shown in drawing 7 . 

[0098] In addition, the explanation is omitted about an operation of the gestalt of said 4th operation, and an operation of the same part, 
and only an operation of a part different here is described. 

[0099] That is, by narrowing width of face of the amplitude (PH-PL) of a switching frequency, the switching frequency in a high- 
speed rotation region can be made high, and the stability of control can be raised as are shown in drawing 7 and an internal combustion 
engine's 1 engine speed becomes high. 

[0100] In this case, in a high-speed rotation region, since an internal combustion engine first sound is also loud and the noise of the 
three-phase-altemating-current machine 2 becomes small, even if it makes the range of fluctuation of a switching frequency small, 
there is especially no problem. 

[0101] In the inverter system for hybrid cars by the gestalt of this operation, as mentioned above, since it is made to narrow the 
amplitude with the increment in a rate of the three-phase-altemating-current machine 2 when modulating the PWM control frequency 
of an inverter circuit 40 with a period predetermined in a predetermined frequency range, the switching frequency in the high-speed 
rotation region to modulate is made high, and it becomes possible to raise the stability of control. 

[0102] (Gestalt of the 8th operation) The circuitry of the inverter system for hybrid cars of the gestalt of this operation is the same as 
that of said drawing 1 R> 1, and he is trying to use an induction motor or a synchronous motor as a three-phase-altemating-current 
machine 2 combined with said internal combustion engine 1 . 

[0103] Next, in the inverter system for hybrid cars by the gestalt of this operation constituted as mentioned above, the same operation 
as the case of the gestalt of each operation mentioned above can be done-so by using the induction motor or the synchronous motor 
corresponding to both at the time of using an induction motor or a synchronous motor for the three-phase-altemating-current machine 
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2 as a three-phase-altemating-current machine 2 combined with an internal combustion engine 1 . 

[0104] In the inverter system for hybrid cars by the gestalt of this operation, as mentioned above, since he is trying to use an induction 
motor or a synchronous motor, it corresponds to both at the time of using an induction motor or a synchronous motor for the three- 
phase-altemating-current machine 2 smoothly, and it becomes possible to do the above-mentioned effectiveness so as a three-phase- 
altemating-current machine 2 combined with an internal combustion engine 1 . 

[0 1 05] (Gestalt of the 9th operation) The circuitry of the inverter system for hybrid cars of the gestalt of this operation is the same as 
that of said drawing 1 R> 1 , and a part of functions which a control circuit 48 has differ. 

[0106] That is, the control circuit 48 shall have the function which it controls as an inverter circuit 40 controls either power running, 
regeneration operation or excitation operation, when in addition to the function of the gestalt of said 1st operation carrying out PWM 
control action of the inverter circuit 40 and supplying electric power to the three-phase-altemating-current machine 2. 
[0107] Next, it sets to the inverter system for hybrid cars by the gestalt of this operation constituted as mentioned above. When 
carrying out PWM control action of the inverter circuit 40 and supplying electric power to the three-phase-altemating-current machine 
2, an inverter circuit 40 By being made to control either power running, regeneration operation or excitation operation, an inverter 
circuit 40 It can become the operation mode of power running, regeneration operation or excitation operation either, torque assistance 
can be carried out in power-running mode, it can charge in regeneration operation mode, and a response (response) can be received by 
preliminary excitation in excitation operation mode. 

[0108] Thereby, since system-wide performance can be improved, system- wide effectiveness can be further raised as a result. 
[0109] As mentioned above, in the inverter system for hybrid cars by the gestalt of this operation When carrying out PWM control 
action of the inverter circuit 40 and supplying electric power to the three-phase-altemating-current machine 2, an inverter circuit 40 
Since it is made to control either power running, regeneration operation or excitation operation, an inverter circuit 40 Since it becomes 
the operation mode of power running, regeneration operation or excitation operation either and system-wide performance can be 
improved, it becomes possible to raise system-wide effectiveness further as a result. 
[0110] 

[Effect of the Invention] As explained above, according to the inverter system for hybrid cars of this invention When a three-phase- 
altemating-current machine is below a predetermined rate, pressure-up actuation of a step-down and step- up chopper circuit is 
suspended. [ whether it controls to make direct current voltage almost equal to a rechargeable battery electrical potential difference, 
and to carry out PWM control action of the inverter circuit, and ] Or when the three-phase-altemating-current machine is operated by 
the idling operational status of the minimum rate, an internal combustion engine [ whether it controls to suspend pressure-up actuation 
of a step-down and step-up chopper circuit, to make direct current voltage almost equal to a rechargeable battery electrical potential 
difference, and to carry out PWM control action of the inverter circuit, and ] Or when an internal combustion engine is the idling 
operational status of the minimum rate, pressure-up actuation of a step-down and step-up chopper is suspended. Since the PWM 
control frequency of an inverter circuit is lowered to the frequency corresponding to an idling operating speed and he is trying to 
control to carry out PWM actuation, it becomes possible to plan the improvement in effectiveness of an inverter, and the noise 
reduction of a three-phase-altemating-current machine. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram showing the gestalt of the 1st thru/or operation of the 9th of the inverter system for hybrid cars by 
this invention. 

[Drawing 2] The timing diagram Fig. for explaining the operation in the inverter system for hybrid cars of the gestalt of the 1 st 
operation by this invention. 

[Drawing 3] The timing diagram Fig. for explaining the operation in the inverter system for hybrid cars of the gestalt of the 2nd 
operation by this invention. 

[Drawing 4] The timing diagram Fig. for explaining the operation in the inverter system for hybrid cars of the gestalt of the 3rd 
operation by this invention. 

[Drawing 5] The timing diagram Fig. for explaining the operation in the inverter system for hybrid cars of the gestalt of the 4th 
operation by this invention. 

[Drawing 6] The timing diagram Fig. for explaining the operation in the inverter system for hybrid cars of the gestalt of the 5th 
operation by this invention. 

[Drawing 7] The timing diagram Fig. for explaining the operation in the inverter system for hybrid cars of the gestalt of the 7th 
operation by this invention. 

[Drawing 8] The schematic diagram showing the example of a configuration of the mechanical component of a hybrid car. 
[Drawing 9] The circuit diagram showing the conventional example for hybrid cars of the inverter structure of a system. 
[Description of Notations] 

1 - Internal combustion engine, 

2 — Three-phase-alternating-current machine, 

3 - Transmission, 

4 - Inverter, 

40 - Inverter circuit 

41 - Semiconductor device, 

42 - Semiconductor device, 

43 - Semiconductor device, 

44 — Semiconductor device, 

45 - Semiconductor device, 

46 — Semiconductor device, 

47 - Direct-current capacitor 

48 — Control circuit, 

49 — Step-down and step-up chopper circuit, 
49a — Semiconductor device, 

49b - Semiconductor device, 

5 — Rechargeable battery, 

6 - Switch, 

7 — Step-down-and-step-up reactor. 
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^<-^IUBWPWMS!l»ffliHR*r1!riET-f K '.J^7*aK 

mmwmmzifcz.tz.2 1 **mft&>^ y\> -y \<m 

I 4 3 mlEa^fl IS/: tin 2 / \ 
milE-f V-^"-^0»WPWMfPJ«p®«SR*, mcontt 

memx-mm^mmTiEsmmzm^-th x o tzttz 
a. 

tuiE-f ^.^-^nn&^pwMfMWjaaaits:. in^^ntt 

l,vN-f 7*U -y K*flM yA'-^j/;,fA. 
C If ^<JS 6 3 ItilEft * Jfl 1 7bSf?^3S 5 o ^-fix* 1 1 

T , 

mzmmm^m>h<?>&-hm^zm^x . huieh. 

ThhZ t Ltzifr&iZ^ tulE#I^E^ 3 «v/<ig» 
0#E»Jff arf?± * -fr & «fc a IzMW-t S Sr . 

[ is^ji 7 ] tut fits 3c3i 4 s tz i±m?m 5 tia®^ / n 

miE-f > v <— [9&a P WM#Jf^j^&)9r£ajSg& 

•&.' N-f 7*'J ••/ F9:ffl-f > > ?— ^ > 7,^2,,. 
[ 8 3 TEFieiSScJI 1 .T^SIt^Ti 7 (O i ^X* 1 1 
flCEBwWry -y K*ffl>f >-/<-^v7.TAt2^V> 
T , 

- U «y F*ffl-< 7 >7vT\£». 
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yM'-^sg&S: F>WM^JfflH!rft$-t*-CB?fEHffl3e 
IE. HJ^ae. £fc*i»MI^»^0'tf>IH»P*fTfr 
IHEWMiWCflUfcw i: *««>-$-4 'W ru ••/ F* 

[000 1] 

*?mt IXolzLtz's i y" y v Fmffl 4 <- ? > x 
■rX,t-BI|-tl>(>OTi>^,. 
[0002] 

l^cmva) #v y >x>>">\ -r-f— if/tx 

[ooob: w*>«9igiw±. i0w 

4WC* 4#0[3]gl r IrLT ^ 4 . 
[ 0 0 0 4 } X\ ^ifiTii. i si SrPJHSWffi 

•thKisbiz. mmmtffimLtzrsj ry Kgum** 

[00 0 5] iCDa<OffiS«B«lSrfiffflLfc/\-f 7* 'J -v F 

mmxit. mmm\ ftmmizEMizsmzmm l 

hi. 5£L"CV>4< 

[00 0 6] ±tz, EM3Z%imZ4 >'<-*fcJ: OfflW 
T . -<WE«6S:ffiffl-r& «fc 'j iz LTV>4 . 

[0007] -rtc^. fBttjuawca. "i^maii^e 
>f y^-^t: j: o=^mm.*mwLT . ftmmrm 

[ 0 0 0 8 ] ifc . ffihi&iJRjB^i. Hffi3cn» -f > 
O0*^e?-ttT. *B£HJBSx*H' 

[0009] IflCt 0 . ^x^/U^f— vitccx^/U*' 
[00 10]iSli. .laaa'vf f\) -v FSftScolE 



[ooinsscsK. 7*y -/ Kitss^iEa 

IBfcfc . # v U > x >•>'>• . -r 4 - t'Ax > > > -IF<7)i% 
«SB8 1 h . I<ort««ra 1 l-tffit LiiEMBitS»2 t iz 

[0012] 4fc. =«3E««2tt-< >'<-^4HJ: f; 

mm l . h /i 7 r> .7, h . x*/i- rt^gra 1 

[0013] H9Ji. IfllWW 7*>J -y F*tffln4» 
mX'hn . HSfcp]-lg^lci4|ll— ^-§-ar#LT*LT 
[0014] 19lCi5W: . M-f 7*'J -y FSflM > 

7 >• xfAH . JJBrtjBMH 1 tca-fr Lfc=«3Eaai 2 

3EgE«BES:=ffl3E8a82^«»L.TKBrr 4 >^—? 

[00 15]^;. ^y^'-f4ll «»rtltf>iNMMfc 
^4 1-4 6 27' D y i/®^ Ltz 4 >rl— ^0^4 0 
h . :£ Frtfflt7Ji£fl£r? >fyf 4 7 h . -f ^!3B4 
0 £iHtf-*-&iHMft4 8 kH^t ^4 t . 

[001 6 ] -r LT. W7* y >y F*o5atinawc. 

x F-^-iJ: 5C. -f >'.^-711]SS4 Oti OZMi 
2 ar$iJWf 4 i ^ KA ^>T k . 
[0017] t Cl4Tifi^. ^^r'N>f 7'»J -y Km 

0£ ■> s -1 7 —<7m±.t &i&giz%: X * T v> 4 . 
[0018] ^*^JZfll3csii1l2ii:. ,^1E» : AC 2 
0 0V^(?)HfflxSit^t'J>4*\ ^*ti±Cff^-'Tm 
8W«WIDLT, Hffi.?C}1^205'h^* i ^# < 
«8ISr*IH , S-^B**r±H'*fc«>t. !ErAC4 0 0 

vmz-i- & -xmmm * nx ^ 4 . 

[0019] -HEt s x'<-7 r PWMSi|fflliS#$-tir 
a c 4 0 0 V t xTJ-T 4 ^r^tciti . isaatEfc 

6 0 0 vaKtnJ-&^*^4 . 
[0020] Li)' LZcW h . ~ixm?fi 5 G J: 0 6 0 0 V 
<^iHS£^Ertt43t^tC{±. 1 2V.M' 7 rUrf55 0i 

ioiicsttit-risfial* 1 * 0 - mm(=^tr^4*i^co7^ 

- x t fifi^M h 4 < 

[0021]*:t. S3£^ * ilT ltl'J^ft*\ 
"#BPF6- 2 4 5 3 3 2#W Cffl^*ilT 
^»4 X 'j !fir#E-f- a »/ ^S»SrStt&^-ffiT'<b4 ,. 

[0022] frfrhnmiz x n . -^m^smE. -r^ 
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[0023] fit. 3K39iaS2<Sffi»A7-. 
>t7-f::*S *fWW2ii. -&m«!j5« 

Er#E-f &^f£> . ISSUE* ~8flM!i5«EcteE 
r^m>#G£E* a •y'H3llft&fttt*3r&tf 

[0024] 

[»8*W*L J: itnpig} Lfrl,+£#h. #BE 
* a >v > n'IUSS K W l> d k tc J; 0 . HffiXSHB 2 oiBHi 

7M F >J >'Xtt^B$(CiJUT £, . #&&E* 3 »/.'S*lH]Sg(7) 

' , qa»tf>¥#^^^fcj&v*:& < . ifcESlEEaW 
<&-oT>>.|>k . 4 >'.m'-^HK4 0<7).7-<f -y^V^Si 
-f >'V<-^^*^^.)ffiT5-S^T L4 
') - 1 tztch. 

[00 2 5] ±fc. S^IETW >'.>\-?IIlS&4 0 * P 
WMfgJtPI!jf£*-tir&k . ffi^ttETPWMftWgftf£*-hf- 

[0026] j ?®&4 0<7>PWM#J*SP 

HHftftCHMiT* HffiXoSH 2 < =St 

[0027] &9tffl0)mt/Mi. . -4 >■> ^-9crmmm±.%: 
[00 28] 

[■HfelBfc-*- &*:#>^g] ±SB^SWr /L' 

tbiz . a y u >-x >• >■>■ . -r ^ — tf/i-x > s/>-^)p«3ffi 

"ftmjftfc , Sli-<^^^^aj73^E*-x^;Udr- 
Wmo)\)T7 hA-^LTJJMWK8W£E's#ff. 4 
7^iISmE2r~<Jvm?ttSE / N.|^E-ri>#I^E^3 •y'MIl 
S§t . ^««^^?r 7' U -v s/JSKLT* 0 . #BE* 3 
••/ ^E]SS*^oaj^®E*r3c^^ L . Sf££S«E 

BE* 3 ■y^SKfcitfEKSrHWrsiBIWigBi: 

— t*l*lfe*^^Sr F 'L y'Tyz h-p"^> J: -5 K-f y> v— ?w 

-f 7'U ••/ F^SM >'•' \— ^.^rACiJ^T . If 3?Ji 1 

£1-. #BE* a ••/ ' , <®»<z>#iLE»fE&ff± L . aSS 
Er Z#m?ffi«;E k 12(333 L < L T -f >> <-^S»* P 

[ 0 0 2 9 ] T . 1 \zM fcthfflficr>J ^ 7" 



f>imM0MWXT0tf&&lzli. #BJE*3 ••/ ^'SgS^ 

p wMHwanwts-tt-r =« xiSi'^tt^ - 1 

lei 0 . -f yA'-^^rfiiLT^rl^itl,: 

[0030] 4fc. IS^2(-*fJ5D^-?)%BJT'(i> 
SHE*iiTn**§£-tc. #BE*a -/'N e [H]SS^#ESj^ 

*rff± l . m.r^Er~<mmms. t imm i < i 

[003 1 ] ffl^2(=*fJS-ri>^WN-f 7' 

ifW)7-< H ') >'^TH6*aBT=ffl3£ai8*^K* 

- * SB r P WMSJWftfPS ^THffi5cSE^'s^f 2. 

mmz . ^y/ s- ^ ws%<mms&mm h i&m-t hit 

[0032] *>'AZ. n^mSlZfiSo-i-h^X'U. 1*9 
WMM»W«ftSrT>f K'J y ^S^SStC^^Tt;^ 
[0033]t-»T. 11*313 (r«-^l>^HJWN-'f 7* 

u ••/ Kmffl >• ' ^ > x t- a t-fc u . 

IfT P WM»^S*T=ffl3SSi£«-^«-rS i t IZX 

[0034]-*, fiR^4 CCitlB-r&JMHTti, HP. 
If 1 4 fcli»#Jl 2 i~*tE«t- i> W 7" U ••/ F 

SBH >-'<— ^y.xfAi:±)^X, >'y<— ^ESSOP 

[0 03 5] S'h. tiHO%4iZietm-+i>ftW).>^ 7 
- [ 0 0 3 6 ] ttz, m*3R5CitE"**«BJi-ttt. ±l£ 
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R&K 1 & «4IWP« 2 tr« B?t £ SWi«*M 7' y ••/ F 

7 is 7* J rM.(,ZH^X . 4 >'.M'- ^[Hjg&<7)P 

WMtflflffigRS: , W^Wia^«HTSLawt=SE»* 
■£■5.4 olzlT^.. 

[ o o 3 7 ] &->t . it^jfl 5 tzttwhwmnt w y" 

\) ■■■■ K*ffl4 y.'N'-f •/ 7.t^(2*>v'.T{4. 4 >v?— * 

EiRwpwMiBijiwjgifeR* . mftfjjsiiftsitSHTaaw 
sm^m&m^ m%tz> z t h . d <t>%£ . # 
<nx ~j tz—mmnx^it-t o t . .7,4 »/^> -y 

ISWr «f l> -1 i: & , 
[0038] B3!JBot=WlC+4WR-«±. \: 

SB» *JB 1 7bSlt*Jl 5 oh >-^i i?> 1 JCit;*fMv3 Z, 4pJJ 
cr»s4 7'U ••/ Fmffi-f y\—f > x^mi&lvt . ftjw 

i a t;*fjis?-f ^^a* . mmmmzis^x.x^ >i» 
[oo39]f-;t, r£jb 6 & shew % 4 r 

[0040]-^ IHSS17 l=4tO?t*JMBT1±, JJE 
< J; -3 IcSO**-* . 

[004 1 ] R$JB 7 tdfflW&WSW n -f 7" 

y -y Fi^BH >v<— AClfclvt it, A >'><—$ 

tsk r#K lx h< «t 0 tz^m-t&z t izx 0 . ^ 
tt r ra± * -th z t tf'Tt h . ~ <jd*£ ; sfjanmEtfiT' 

[00 4 2] »«3B8t^a?*-4JMBTti, JJE 

i«5<Ji 1 7bsif^i7^)^-r^i Jitc^ic-ri.^^ 

[004 3)^t. HH53HSt=4tJBi-&||BB^/»f 7" 



^tjc- l t . lu^oif ^. y mmwftmzmt-z z t 

[00443 *^(-. f»5?iI9^*rJt-i-^»^T-(4. ± 

lEit^i i jbmnxm i m^-rtifr 1 jicw**«uj 
[0045] f-jt . mm 9 izwr h ww>> * 4 r 

y -y FMRH >7^Mzt5\,^Xlt. A 

iz . a >■■ ><-? . Ti^aK . [a^aK . t ti am 
y. o^-^aiiii Ti^se, m&m. ttzim 

jPEfflfeSrflLtT* h tz#> . t IX > ^TA^fcw 
[004 6 ] ULhfci 0 . •< >-'<-^^)^it]±^: fctf 

KttWW 7'U ••/ K*ffl-f x'?-fi,^fA*fi;i: 
[0047] 

14, F^lSMiSWj&fftffiaK^T'f F y > -*TBE«||T3li 

< LT-f >vx-^HJ»2:PWMflji|«iMP*-e4 J: 
fltf & . 1 1- < (4 . rtJBaBfflB^ftffiSEfiW 7" -f F y >- 
ymmm.o^^iz. #»E-9-g •y.^'0#aft#r^ih 
L. -f >-'N"-*0»WPWMIH«jg8dR£T'r F 'J >'J?" 

^3csKtiwS#ffiM 2r a i: i & <r>Xfo & . 
[0048] KIT, ±id<7J4 ')^f,t^l:lo'<*iB| 

[0049] (mi ammnffim inti, 

.^tcJ:l».'N-f 7'y FSBH >v<-.^>.7^o,wmfiic(?iJ 

[ o o 5 o ] a iizt5 , ^mi&w&mc)' ^ ? y ••' 
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— tf/ix> '>'>«^im i l=86£-L7=3ffl£?SlK2 

<?>li-f£E 'J T? F ;l 7 r L ~Rae>KSVE'>JHE . 

.'NT3SS4 9 t . #r^£E^ 3 'v./s®S§4 9 ^EWjIE 
r^ff-T ^.KiE3 >T : >--tf4 7 h . Iga >-r'>"»f 4 7 
tci 0 $ ixtz m& * KSSft L . :«xatff* 

fc . -yyf0»4 9£Ut ,: '-'f ✓ 'n*-^S»4 0 

*rSUP-ri>$iJffllffl]E&4 S <>»i, . 

[ 0 0 5 1 ) Srfi . ?|n]&4 0 t . >^ 

>"^4 7 > . $ijfl?[a]5§4 8 > . #B£E^- 3 v V\-I5]S§4 9 

[00 52] ICt. #K§E^-3 >-/>\°[I]&4 9ti. _b 
PJ. Tmommm^mi^m^FA 9a. 49b SriffWJg 

[00 5 3] 4fc. >'X-?[sIS&4 Oli, ffiKfl^ 
S»MS-?-4 1 -4 6 £7"'J -y ^1SigLX^'--CV ^, , 

[00 54] £ fcl, $Jft[I]ft4 Si±, > W 7" 'J ••/ KS 
£03at2HBgB#l=. 5 03**X*rt,=¥--CT*3fl8» 

Sir FA^Ti^X -5 J: t) (l. -f >-v s— r?Is]g§4 o 

t= i n em&vzw. 2 zfflw-f z>£o izmm-t&mm t . 

$ ■£ & 1 1 T . ESSmE £ -tfflfcffe 5 IE t imW L- < 
LT-f >-.'<-?ElS&4 0*PWMffl««M££-£4J: 51= 

[00 5 5] &(•= . JJLhwj: 3 (=fl|iSL.^3{=5afi<?)JI5JE 

[0 0 5 6] H2<7)Bt^jto(cfe^T. StWSfr# 

7v* $ ftS t , H!§?§S 6r^>'L. :1JK^fI#l-= L tz 
* i '^T$)JfPH]g&4 8£"W ^SK4 0<7.*g-¥##: 

WrrA 1~ 4 hft-^-^iU^SiX, -f 4 

tis J5r^^)ltiSj«ift» ( f — I nv) x\ tft?)4E 

[00 5 7] i^SKT-ti. #BEf g •y.'\'!gjfS4 9 
fi. iiWWI«?4 9 artfefvLT . ~^l:?li!5 

[00 58] Lfc*t-»t . K«mEh L Tli, 

smEtijtr^L^mE*^ w<-^bb4 o (=&$&* 

hi. 

[ o o 5 9 ] &i=. H2<7)ut^jtit-fe^T . mssmm 

n#t=. #r^E-^-3 ••/./\'[i]S&4 90_LIB!J. TCfilo^fl^iS 
f4 9a, 4 9brX>f-/f > -frT . 
r#E$ii-^ J; -5 t=>f >'.'■;- r?l£]£S 4 0 ^ftywrs . 
[ 0 0 6 0 ] fflliOf. Hffl35a»20JHSmEfr AC4 



o o v fc i. fc . HosmE e> o o v^ktp wMatt 

l> i&fl**i> h ir . Zl»:m?i!! 5 SE^* 3 0 0V <?:>J§-£-T i 
#E-fr^t= . ft 5 0 %0>A C200V* T'iiJ C i: 

[006 1 ] L^^'o T . 50 So'SSe<?^jfflt 4TJW*S 
■7-3 ■•/.a*HI8&4 9 fi)-ft $ -t^^ ^ •> T~rtf<7)T' . -fv.'<— 

[0062] $ »bl=, PWMtffS»«b'-?|li50 
% ttcZ> 0) T" . Hffix^fi 2 (?)M»w t> te*g-t I. Z t 

[ 0 0 6 3 ] ±3* Lfc «t 5 1= . j&mmimtzX & ' v-f 
7-U ••/ KSffl^f yA'-?ymttl H1S3cS^2^ 
Bt^<oaKJilTW«^t=ti. #l^E^-3 •y'N°[HlfiS4 9^J 
#E^- 3 ••/ 'NfSf^Srff jt L-Tfc < <k o (= L T V >&<?>Z\ 

wrniz . =i®?zszm 10m < > t.<K^-r 
[0064] ( s§ 2 nmfevmm ) *sbhojbid^' w 

[0065] -r^*.. ftmrnwhA st±. luaiU^Htg 

3E8M2*n9f^<7^SflCJjlT<^*^l=, SfiyE-f-s •ws-H] 
ff§4 9^#EK#*r(fi:L , ISlErl«lS51ff 
i: iid'^L < LT >v<— ?m$&4 0 *■ PWM»»^ 

$ it & «k -j tmw s «wioft o t= . f^tssis n 1 
Tv>i,*^(c. #r^E-=T3 •v->n c !B|&§4 9<rmsmF^w 

t LTn*. 

[0066] »t=. y.±^i 5 i=^e£L^*^SfiOf^. 
V ->T , 03 IZTjx-f ^Uft-Mlfflut IM B Jt- -I. ,. 

[0067] . itiiem i cmm^mm^mtm— 
<=o is -e oi^qj *• 

[ 0 0 6 S ] ^r>*>. 1231=^ «t 5 t-, rtMUBSl 

^jwKssE^^s. Mwi«7.i f iJ >-?m&m 

[006 9] S ii> {■= , P WMlDlfft h A >>\— $ 4 

^<nw®ticsss*m\> Krn^h z t &x-* & . 

[0070] _kj£Lfc«fc 5 C=. *m%crmmiz£2>.>\4 

y o ••/ vw.mj >> <- ^ y^fitii ftfiHssa 1 

-iit^4»-d-K:ti. #!^E^-3 •w\-[h]S§4 9<t)#E^- 3 
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•v >mft*&£ IX < «t '.> tC LT i >4 <7>T . fl^ 
LT^rfa}±-ti» r fc#T*& 4 >RSjtC, 4 

[0071] (is ofg&emm ) *$m.<rmmw > ^ 

7'!J <•/ FSffl4 >v ?-^>.7.' ; ri,<7)[p]S&^^z. fulfill 
r>X l/>4, 

[ 0 0 7 2 ) -ftch-b. $iJffli[HlS§4 8te. lu3£L^:Hffi 

t imm 1 < l x -f >v bss4 0 *• pwmmmmif 
#E»fp*:ff ± L . -f >-.> <- e»<7) p wmtgrnrntm 

[007 3] &tc . J?JLh»J: ^ tzfllfiK UfcaJ=Sgtfi03KSR 
tzi&'sjy'V ■•' FmBH ^>x-f-i»«fffflt-5 

[0074]^. huIS^ 1 ^HSfiOf^Of^ffl > R- 

[ 0 0 7 5 ] -ftch-h s H4 X 'J (C. >v \— ? 
4W^>( "'*hy7mffl&. (p-INV) r x F/loi 

K^pj.T(7)^Ei:-ti-5£Ji^(cwrfe#, -m f 

U ^^aEflSSiaT^jSJKT'^-f V <- * 4 ffi 
K IX [B]±-T 4 £ h WX'% 4 . 

[0076] ±au:,t -) *mm0wmz±$>s^ 

7'U -v F*SH > > xfiTli. msmm 1 wi 

■y '<!3»4 9 ^#IHE^- 2 -v ^0»£E»^frff± L , 4 

>-v\'-?ihis&4 o o p wMftmmmk* r-r f y >-^a 
m.&mt,z3.^tzmmmizT<ff x pwM»^$t4 «t a 

4 >-y <- ■? 4 Ofllfe£:{£8 LT3P5*l*Ltt 4 1 fc **BJ 

[0077] ( 3i4 <?mi&fflm. ) ^mmm^> n >r 

1 >[S1«T-A0. HWGDK4 S0^4^gg*'-^St- 
->T^>4,. 

[ 0 0 7 S ] if 4r*>^ . ©IP0S-&4 S U . mi?M 1 ^ 
fiEO^W^igCftl^T. A > 7EIifS4 0WPWM 

[0079]^:, J3Lh« i -5 £tt£L£44Qfc?)ffi8e 



[ o o s o ] lutes? i nmmemmoimt m- 
&ft<r> \m Kz-ji. yx a x <?m*n t^L.ZZ tliSt- 

4SB4f<?Jffffl^o^Ti7>^- r <.4 , 
[0081 ] -tKcr>-h . 05(-^i :>iz. A yX—? 
A<r>7.4 v-4->-£TORft (p-INV) *. J,4-je® 

* 5 T'^ 4 . 

[ 0 0 S 2 ] ±iKL^ i ')!:, *^JS^^l-«k4 wf 
7' '.J -y FJUffl-f >'A'-fyXfi»tfi. -f >v\-^El» 
4 0tf3PWMfW»Bg«[»S:. Br«^««aftKffl"WPr^w 
SSBTiE!£iS«i=SEa S * 4 «fc 5 L T V> 4 «T . .7s -< 

■v f - >• ^wasttaat s *t . Hffi^^si 2 omened 

[ 0 0 S 3 ] ( JR 5 <0H»<?MKIS ) *9Sfc<?>ffim<r>> ^ 

1 fcRWKTifeO. SQVPBIK4 S ^^4 
-5Tv>4. 

[0084] i-Kchh . ffl«PislBl4 St±. n?E§? 1 <05S 
Jfi^JBOKIBtCjDi t.^y-' <-r? IUS&4 0 «P WM 

mnmtmz. fmcomm^mx-^nmnz^m^t^ 
t o o s 5 ] kiz. &±<nx -j izm&Lt^mmmm 

Cil- 'W f\) «y F«ffl>f y><-?l>-7^2>.C»tf-mi-2-7J 
^X , 16 t^r"9" ^ ■< A^-r- FI2* ffl V>T I^BJ-f 4 . 

[ o o s 6 ] t'ij , luiem i vmm<7)Bm<?Mtm t m- 
^-ftcoim iz^x it x <nw% rt^u:: x-\t m% 

4 mSrWtR IZ^X £7)^3*K4 . 
[0087] ^-i)*3 . Hbt^-tJ; o t", ^ ^ 
4<7)^-f ■v^^fflttft (p-INV) ftftCJ: 9 

2 om^Wr fl£8-f 4 r t tfT § 4 . 
[OOS8 3 ^<0*§^. WtcSJR t-T 4 w blZ]:*). 

Ji=ffi3Eit« 2 ommii^rfiM-t 4 -2 k ^'Tt? 4 . 
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